INTRODUCTION {#s1}
============

The aims of this study were to evaluate judgment errors in the elderly using different predictive tasks and to compare characteristics between the tasks utilized for evaluation. Japan has already become a super-aged society, and thus many issues related to aging have gained importance. Falls among elderly people are one of the major concerns related to aging, as falls often result in morbidity, mortality, or psychosocial trauma. Many researchers have reported a huge number of variables that increase the risk of falls[@r1],[@r2],[@r3],[@r4],[@r5],[@r6],[@r7],[@r8]^)^. In general, it is believed that falls in the young-old are caused by external factors rather than internal factors[@r3],[@r4],[@r5],[@r6], [@r8]^)^.

However, falls are seldom caused by a single factor. Falls occur usually due to a combination of internal and external factors[@r3],[@r4],[@r5],[@r6], [@r8]^)^. Some falls may occur because a person's self-perception of their balance ability is incorrect. Sugihara[@r9]^)^ noted that falls might have been avoided if a different strategy had been adopted after an appropriate assessment of internal factors. For safe daily living, it is important for individuals to adopt strategies and behaviors that are compatible with their own physical abilities. Judgment errors in an individual's assessment of their own balance ability could increase the risk of falls[@r9],[@r10],[@r11],[@r12],[@r13],[@r14]^)^.

Several researchers have reported on the relationship between aging and judgment errors about physical ability and on the relationship between falls and judgment errors[@r9],[@r10],[@r11], [@r15],[@r16],[@r17],[@r18],[@r19]^)^. In these studies, several tasks were utilized to evaluate judgment errors of physical ability in the elderly. The assessments can be roughly divided into two types: spatially predictive tasks and temporally predictive tasks[@r17]^)^. The Functional Reach Test (FR) or other reaching tasks, step-over test, and maximum one stride length test are examples of spatially predictive tasks[@r9], [@r10], [@r12], [@r17],[@r18],[@r19],[@r20]^)^. The Timed up and Go test (TUG), maximum gait speed, 20 step walking time, and single-leg standing are examples of temporally predictive tasks[@r15],[@r16],[@r17]^)^. In most spatially predictive tasks, length and distance are used as the indices, whereas the test duration is used as the index in temporally predictive tasks, as measured by the mental chronometry method.

If judgment errors about self-balance ability are an important concern for the elderly, easy and practical assessment tools are needed to evaluate them. In the present study, we examined judgment errors in community-dwelling elderly people using two spatially predictive tasks (FR and upward reach) and two temporally predictive tasks (TUG and walking on an obstacle course).

SUBJECTS AND METHODS {#s2}
====================

Eligible subjects for this study were elderly people who participated in measurements of physical fitness for health promotion and health guidance for community-dwelling elderly conducted in a rural area of Ibaraki Prefecture in Japan in fiscal year 2011. Residents who felt unwell or were medically unstable (e.g., uncontrolled high blood pressure or recent noteworthy medical diagnosis within six months before this study) were excluded from participation. There were 94 subjects aged 63 to 87 years old (mean age ± SD: 75.5 ± 5.8), including 42 males and 52 females (mean age ± SD: 76.1 ± 5.9 and 75.1 ± 5.8, respectively). Subjects were informed of the research purpose and procedures and voluntarily signed an informed consent before testing was initiated. All subjects were able to ambulate without assistance during the examination.

We measured the following parameters of physical function of the elderly: 1) grip strength, 2) score of trunk flexion in a long sitting position, 3) duration of a single-leg standing test with open/closed eyes, 4) score of the FR, 5) time of the TUG, 6) comfortable and maximum gait speeds, 7) time on the Standardized Walking Obstacle Course (SWOC), and 8) upward reach (UR) height. The grip strength, score of trunk flexion in the long sitting position, duration of the single-leg standing test with open/closed eyes, score of the FR[@r21]^)^, and time of the TUG[@r22]^)^ were measured by the standardized methods.

To measure the comfortable and maximum gait speeds, we asked subjects to walk 11 m (consisting of 3 m of acceleration, 5 m of the actual test distance, and 3 m of deceleration) at two different gait speeds, a comfortable speed and their maximum speed. The gait speeds were calculated using the test distance and walking time measured in the actual test zone.

In order to evaluate balance and ambulation in a way that approximated activities of daily living (ADL), we utilized the SWOC, which consists of a 12.2 m long and 0.92 m wide path with three directional changes[@r23]^)^. Along the SWOC course, there were obstacles including an axillary crutch, a kitchen-size trash can, a section of shower curtain with a "busy pattern," a black heavy pile shag rug, a chair with arms, and a chair without arms. We asked the subjects to rise from a chair, walk along the course while avoiding the obstacles, and sit down on a chair placed on the other side of the course. The ambulation time through the SWOC was measured in seconds.

In ADL, we often need to reach a hand in an upward direction when getting something down from a rack. We placed a stadiometer on a table (41 cm high) and put a small light empty plastic cup on the head plate of the stadiometer. The subjects were positioned in front of the table (10 cm apart) with their feet naturally apart and were asked to reach their hand upward as far as possible, without stepping out of their initial base of support, to lift the plastic cup off the head plate of the stadiometer. The highest distance the subject was able to lift the cup off the head plate without stepping out of their initial base of support was used as the index of UR.

Prior to completing the FR, UR, TUG, and SWOC, we explained each procedure to the subjects and asked them to visualize the task and to estimate their capability of performing each task; in this way, we determined predictive variables for self-awareness before they executed each task.

To predict their own performance on the FR and UR, the subjects were instructed to visually estimate the location where they would reach, according to the procedures, without losing their balance. Before they executed the tasks, they were asked to indicate the location they thought they could reach using an extendable pointer. We measured the distance between the starting positions of the subjects and the location they indicated for the FR, and we measured the height of the location they indicated for the UR. These distances were recorded as the predicted FR and predicted UR.

For the TUG and SWOC tasks, the variables of self-awareness were measured using the mental chronometry method. Before our subjects completed the TUG and SWOC, we trained them to use a stopwatch. After they learned to use a stopwatch, the subjects were positioned on a chair and were instructed about how to complete the TUG and SWOC. Then, they were asked to close their eyes and imagine themselves completing the TUG and SWOC without moving their extremities. The subjects each operated a stopwatch and measured the time it took them to visualize themselves completing the TUG and SWOC. The times they measured were recorded as the predicted TUG and predicted SWOC. For the indices of judgment error for each task, we used a formula to subtract the observed values from the predicted values, and we used the calculated values as well as the absolute values.

Based on the definition of Gibson et al.[@r26], [@r27]^)^, the one-year retrospective falls incidence was obtained from an interview with each subject. In addition, we asked the subjects if they had a fear of falling.

All participants were supervised by physical therapists or trained physical therapy students during performance of the tasks to protect them from falls or other hazards during testing. Spatial data were recorded in centimeters, and temporal data were recorded in seconds. The patient interview and fall survey were completed first before execution of the various tasks. The predictive variables of the FR, UR, TUG, and SWOC were measured before execution of the actual measurements. Our study was approved by the ethics committee of our university.

The relationships between the predicted and observed values of the four predictive tasks were analyzed using the paired t-test. The levels of association between the judgment error variables and other variables of interest were examined using the Pearson's product-moment correlation coefficient. In addition, we divided the subjects into 60s, 70s, and 80s age groups to compare age-related differences in their judgment errors using one-way ANOVA. The numbers of subjects in the 60s, 70s, and 80s age groups were 13, 53, and 28, respectively.

To compare the characteristics of the four predictive tasks, we utilized a judgment error ratio calculated with a formula that divided the predictive value by the observed value[@r15], [@r17]^)^. Differences in the judgment error ratios between the four predictive tasks were compared using repeated one-way ANOVA. We also compared the judgment error ratios of the four predictive tasks by age, presence or absence of falls in the last year, fear of falling, and the risk of frailty using repeated two-way ANOVA. For age, we divided the subjects into two groups, age \<75 and age ≥75. We used grip strength to assess the risk of frailty in the subjects; male subjects were deemed at risk of frailty if their grip strength was under 26 kg, and female subjects were deemed at risk of frailty if their threshold was under 18 kg.

All statistical analyses were performed using IBM SPSS Statistics for Windows version 21.0 (IBM Corp.). Test statistics were considered significantly different or related at an alpha level of 0.05.

RESULTS {#s3}
=======

[Table 1](#tbl_001){ref-type="table"}Table 1.Descriptive statistics for the measured variablesN=94Age (years)75.5 ± 5.8Height (cm)154.2 ± 8.7Body weight (kg)57.3 ± 8.8Grip strength (kg)27.3 ± 8.5Trunk flexion in the long sitting position (cm)36.8 ± 9.1Single-leg standing with open eyes (s)24.27 ± 26.12Single-leg standing with closed eyes (s)4.59 ± 3.98Comfortable gait speed (m/s)1.25 ± 0.24Maximum gait speed (m/s)1.67 ± 0.31Functional Reach test (cm)31.0 ± 7.0Timed Up and Go test (s)8.30 ± 1.42SWOC score (s)12.13 ± 2.50Upward reach (cm)183.6 ± 11.4(Average ± standard deviation) SWOC: Standardized Walking Obstacle Course shows the descriptive statistics for the measured variables. All results are mean ± SD values unless otherwise noted. According to our interviews and fall survey, 18.1% of subjects (17 out of 94) had experienced falls during the past year, and 19.1% of subjects (18 out of 94) had a fear of falling.

Statistical analysis demonstrated that age was correlated with all of the measured variables except the height of UR. Grip strength (*r*=−0.303, p=0.003), score of trunk flexion in the long sitting position (*r*=−0.215, p=0.037), duration of the single-leg standing test with open eyes (*r*=−0.264, p=0.01) or closed eyes (*r*=−0.350, p=0.001), score of the FR (*r*=−0.318, p=0.002), comfortable gait speed (*r*=−0.343, p=0.001), and maximum gait speed (*r*=−0.402, p\<0.001) all decreased with age, and the times needed to complete the TUG and SWOC increased with age (*r*=0.387, p\<0.001; *r*=0.354, p\<0.001, respectively). However, there were no correlations between age and judgment errors and absolute judgment errors for the four predictive tasks. When we compared the judgment errors and absolute judgment errors of the four predictive tasks among the three age groups, we found significant differences between the groups in the absolute judgment error for the SWOC (*F*~(2,\ 93)~=4.086, p=0.02). The mean absolute judgment error and standard deviation for the SWOC in the 60s, 70s, and 80s age groups were 2.07 ± 1.56, 3.23 ± 2.31, and 4.33 ± 2.96, respectively. Multiple comparisons indicated that the absolute judgment error for the SWOC among subjects in their 80s was significantly higher than that among subjects in their 60s.

[Table 2](#tbl_002){ref-type="table"}Table 2.Predicted values and observed values of the four tasksNPredictedObservedFunctional Reach test (cm)^†^5825.6 ± 8.432.0 ± 6.8Upward reach test (cm)^†^94177.9 ± 11.2183.5 ± 11.3Timed Up and Go test (s)^†^946.11 ± 2.308.30 ± 1.42SWOC score (s)^†^9411.25 ± 4.1412.13 ± 2.50SWOC: Standardized Walking Obstacle Course. †The paired t-test indicated significant difference between the predicted value and observed value (p\<0.05). summarizes the predicted and observed values for the FR, UR, TUG, and SWOC. Although they were instructed to remain still, 36 subjects actually moved when they completed the estimation task for the FR. Therefore, we calculated the judgment error in the FR for the remaining 58 subjects. In all four of the predictive tasks, there were significant differences between the predicted and observed values; the predicted values were significantly shorter than the observed values for the FR and UR, and the predictive values were significantly lower than the observed values for the TUG and SWOC (all p-values \<0.05).

To compare the judgment error ratios of the four tasks, we analyzed the data of the 58 subjects who were included in the analysis of judgment error for the FR. The judgment error ratios are shown in [Table 3](#tbl_003){ref-type="table"}Table 3.Judgment error ratios (N=58). Repeated one-way ANOVA indicated significant differences in the judgment error ratios between the four predictive tasks (*F*~(3,\ 171)~ = 18.034, p\<0.001). According to multiple comparisons, there were significant differences in the judgment error ratios between the FR and UR, FR and SWOC, UR and TUG, and TUG and SWOC (by Bonferroni method, p\<0.001).

[Table 4](#tbl_004){ref-type="table"}Table 4.Judgment error ratios of the four predictive tasks from the perspective of other fall risk factors (N=58\*)AgeFear of fallingHistory of fallsRisk of frailtyAge\<75 (n=23)Age≥75 (n=35)Presence (n=11)Absence (n=47)Presence (n=12)Absence (n=46)Presence (n=9)Absence (n=49)FR0.78 ± 0.140.83 ± 0.270.80 ± 0.230.80 ± 0.220.82 ± 0.260.80 ± 0.220.85 ± 0.250.79 ± 0.22UR0.97 ± 0.050.96 ± 0.030.98 ± 0.040.96 ± 0.040.97 ± 0.030.96 ± 0.040.96 ± 0.040.96 ± 0.04TUG0.75 ± 0.250.69 ± 0.200.60 ± 0.200.74 ± 0.220.70 ± 0.230.72 ± 0.220.70 ± 0.200.72 ± 0.22SWOC1.0 ± 0.340.94 ± 0.360.86 ± 0.390.98 ± 0.340.76 ± 0.20^†^1.0 ± 0.36^†^0.80 ± 0.270.99 ± 0.36\*In order to compare the judgment error ratios of the four tasks, analysis was focused on the 58 subjects who were included in the analysis of judgment error for the FR. †ANOVA indicated a significant difference in judgement error ratio for the SWOC when compared according to the presence or absence of a history of falls in the past year (p\<0.05). FR: Functional Reach test; UR: upward reach test; TUG: Timed Up and Go test; SWOC: Standardized Walking Obstacle Course shows the association between the judgment error ratios of the four predictive tasks and the four other factors. With regard to age, history of falls in the past year, presence/absence of fear of falling, and risk of frailty, repeated two-way ANOVA indicated a significant main effect of task type (*F*~(3,\ 168)~ = 9.721, *F*~(3,\ 168)~ = 17.439, *F*~(3,\ 168)~ = 12.955, *F*~(3,\ 168)~ = 7.542, respectively, all p*-*values \< 0.001). However, ANOVA indicated the absence of a main effect for other factors and the absence of any significant interaction, except for history of falls in the past year. In reference to the history of falls in the past year, ANOVA indicated significant interaction effects between factors (*F*~(3,\ 168)~ = 3.507, p=0.023), and there was no significant difference with respect to the history of falls factor. Multiple comparisons indicated significant differences in the judgment error ratios for the SWOC between fallers and non-fallers (*t* = 3.208, p=0.003).

DISCUSSION {#s4}
==========

The data collected from our 94 subjects are comparable to the average data for the same age group from the "Physical Fitness and Athletic Ability Survey" conducted by the Japanese Ministry of Education, Culture, Sports, Science and Technology in the same fiscal year[@r28]^)^. Moreover, the reported yearly incidence rate for falls among elderly Japanese is 10% to 20%, and the most frequently reported rate is less than 20%[@r29]^)^. In this study, 18.1% of the subjects had fallen in the past year, which reflected Japanese average rate.

Using spatially and temporally predictive tasks, we examined the differences between the predicted and observed performance values among community-dwelling elderly people. In this study, significant differences between predictions and observations were demonstrated in all four predictive tasks. For the temporally predictive tasks, we used the mental chronometry method, whereby the time difference between the actual physical execution of a movement and the imagined performance of the same movement was measured. Previous studies have reported that the duration of imagined movement corresponds well to the duration of the actual movement in young healthy people[@r11], [@r15], [@r16], [@r24], [@r25], [@r30]^)^. In contrast, significant time differences have been reported in elderly people[@r11], [@r15], [@r16]^)^. With regard to spatially predictive tasks, similar results have been noted in prior studies[@r9], [@r12], [@r18]^)^. According to the results of other studies, it was assumed that the community-dwelling elderly in our study would show noteworthy errors of judgment, which could be confirmed by the spatial and temporal tasks utilized in the present study.

It is interesting to note that the community-dwelling elderly in this study consistently underrated their abilities in spatially predictive tasks and overrated their abilities in temporally predictive tasks. Since reaching movements are often required in ADL and visual cues were available to the subjects during the test, the spatially predictive tasks may have been easier to imagine than the temporally predictive tasks. For the tasks that the elderly subjects were asked to visualize themselves completing, they may have modestly predicted their own ability in order to avoid estimation failure. In addition, the spatially predictive tasks may have been affected not only by predictive capacity but also by "self-efficacy," leading to underestimation of ability. Furthermore, the temporally predictive tasks might have been more challenging for the elderly because these kinds of tasks are seldom required in their ADL. Therefore, temporally predictive tasks might render more appropriate evaluations of judgment errors in the elderly than spatially predictive tasks.

Age was correlated with all of the measured variables in the present study except UR. Grip strength, score of trunk flexion in the long sitting, duration of the single-leg standing test with open/closed eyes, score of the FR, and the comfortable and maximum gait speeds all decreased with age, and times needed to complete the TUG and SWOC increased with age. Although the observed values of the FR, TUG, and SWOC correlated with age, neither judgment error nor absolute judgment error correlated with age. Thus, while a definite proportion of the elderly subjects made significant judgment errors, the errors did not necessarily increase or decrease overall with age. We divided the subjects into three age groups and compared judgment errors and absolute judgment errors. There were significant differences in absolute judgment error for the SWOC between the different age groups, though judgment error did not necessarily show a specific tendency toward either underestimation or overestimation with age. In other words, the judgment error trends do not seem to shift in one general direction with age. According to the factors other than age, it seemed that some elderly subjects underrated their own abilities and that others overrated them. There appeared to be a large margin of judgment error for the SWOC in older people. Since the absolute judgment error for the SWOC among subjects in their 80s was higher than that among subjects in their 60s, subjects over the age of 80 were more likely to either underestimate or overestimate their abilities. Judgment error may also be affected by factors other than age, such as self-efficacy, degree of physical activity, or decreased physical strength. Further studies are needed.

In order to assess the characteristics of the four predictive tasks, we compared the judgment error ratios of each task. Our results indicated that there was a significant difference in the judgment error ratios among the four predictive tasks. It appeared that UR and the SWOC were easier to imagine than the FR and TUG. If judgment errors were also found in relatively easily imagined tasks, this result might be meaningful. However, the relationship between the level of task difficulty and judgment errors remains to be clarified. Hence, we compared four judgment error ratios from the perspectives of age (young-old vs. old-old), fear of falling, one-year retrospective falls incidence, and the possible risk of frailty. A significant difference was found only in the judgment error ratio for the SWOC in association with the one-year retrospective incidence of falls. This finding may be because of the distinct characteristics of the temporally predictive tasks, that is, the TUG and SWOC; ultimately, the SWOC may be a better test to evaluate judgment errors in the elderly.

The judgment errors in the community-dwelling elderly people were revealed by both the spatially predictive and temporally predictive tasks. In general, the elderly participants tended to underrate their own abilities in spatially predictive tasks and overrate them in the temporally predictive tasks. Temporally predictive tasks might be superior to spatially predictive tasks in terms of evaluating judgment errors in the elderly. In particular, the SWOC might be more useful that the other predictive tasks we used for evaluation.

One of the limitations of this study is that we did not have a control group of young people. In addition, we need to better understand how subjects visualize their performance during temporally predictive tasks by using of the mental chronometry method, since visualization (first-person or third-person visualization) also affects judgment error. Furthermore, we need to study the relationship between an individual's tendency to overestimate or underestimate his/her own abilities and fall risk. This will require a larger sample size in a future study.
